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(54) Title: ENDOCARDUL LEAD 

2 (57) Abstract: An endocardial lead is disclosed including an elongated insulative lead body having opposed pioxinud and distal end 
portions, and having a lumen extending therethrought an electrode assembly operatively associated with the distal end portion of the 
Q lead body and including a distal electrode having a central portion and structure extending radially therefrom to define the shocking 
^ surface of the electrode, a connector assembly operatively associated with the proximal end portion of the lead body, and a conductor 
^ assembly extending through the lumen of the lead body to electrically join the electrode assembly and the connector assembly. 
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ENDOCARDIAL LEAD 

5 BACKGROUND OF THE INVENTION 

1. Field of the Inventioii 

The subject invention relates to an endocardial lead, and more particularly, to 
an inq)lantable cardioversion and defibrillation lead for applying electrical energy to the heart. 

2. Back^onnd of the Related Art 

10 It is well known in the field of cardiology that certain types of cardiac 

airhythroia known as ventricular tachycardia and fibrillation can be effectively treated by the 
application of electrical energy to the heart to defibrillate the fibrillating tissue. Implantable 
defibrillation leads have been developed to stimulate the heart when an arrhythmia occurs. 
These devices typically include electrodes that are placed adjacent to the inside wall of the 

IS heart. Electric current is applied to the electrode through an interconnected insulated 
electrode wire to stimulate the heart muscle which is in contact with the electrode. 

In general, there are two types of endocardial lead tips. The first type is 
commonly referred to as a passive fixation tip and the second is known as an active fixation 
tip. An active fixation tip is of the screw-in type wherein a physician manually screws or 

20 engages a conductive electrode element into the heart wall. An example of a lead with a 

screw type fixating means is disclosed in U.S. Patent No. 5,261,417 to Osypka. The passive 
fixation tip generally requires no action of the physician beyond insertion of the lead in a 
normal maimer togeth^ with placement of the electrode tip in the apex of the ventricle. In 
order to stabilize the position of such a lead at the heart wall, tines made of thin wire or 

25 elastomeric material are used to entr^ or hold the distal end of the lead in the trabeculae of 
the heart. An example of a lead with passive fixation means is disclosed in U.S. Patent No. 
4,945,922 to van Krieken. 
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It is preferable to have defibrillation leads that are easily implantable and 
which have substantially large surface areas to provide even current distribution and low 
energy thresholds. Thus, defibrillation leads are known which are collapsed into an 
advancement position for implantation in the body and subsequently deployed into an 
5 operating condition. Examples of such leads are disclosed in U.S. Patent No. 5,282,845 to 
Bush et al. which defines a lead havmg a plurality of curvilinear electrodes, and U.S. Patent 
No. 5,411,527 to Alt which defines a lead having a plurality of individual fiber strands. 
Neither prior art reference includes fixation means for stabilizing the position of the lead at 
the wall of the heart. 

0 It would be beneficial to provide a defibrillation lead that is easily implantable, 

has a substantially large defibrillating surface area to provide even current distribution and 
low energy thresholds, and is configured for permanent active fixation at the wall of the heart. 



SUMMARY OF TH E TNVRNTTON 
15 The subject invention is directed to an implantable endocardial cardioversion 

and defibrillation lead for applying electrical energy to the heart which includes an elongated 

insulative lead body having opposed proximal and distal end portions, and having a lumen 

extending therethrough. An electrode assembly is operatively associated with the distal end 

portion of the lead body. The electrode assembly has a defibrillating surface for stimulating 
20 cardiac tissue and includes a distal tip electrode having a central annular portion and 

circuntferentially disposed structural means extending radially firom the central portion to 

define the area defibrillating surface. 

A connector assembly is operatively associated with the proximal end portion 

of the lead body for facilitating electrical connection to an implanted automated defibrillator 
25 or a similar energy producing device. A coiled multifilar conductor assembly extends through 

the lumen of the lead body to electrically join the electrode assembly and the connector 

assembly. 
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In accordance with a preferred embodiment of the subject invention, the 
structural means extending radially ficom the central annular portion of the distal electrode tip 
is defined by a plurality of circumferentially spaced ^art radially extendable aims. The aims 
are adapted and configured for movement between a first position wherein they are in an 
axially extended orientation (i.e., constrained within the tubular sheath of an introducer) and a 
second position wherein they are in a radially extended orientation. It is envisioned that the 
radially extendable arms can vary in configuration and number, and that fhey may be 
rearwardly or forwardly (proximally or distally) swept during percutaneous introduction. 

The electrode assembly can include as few as three or as many as six or more 
circumferentially spaced apart radially extendable arms. Furthermore, the anns may be 
constructed fi-om flat strips of material or fi^om lound wire stock. The electrode assembly is 
preferably formed firom a bio-compatible metal selected from the groiq) consisting of 
platinum, iridium, platmum-iridium alloy, tantalum, and titanium. Alternatively, the arms 
may be formed from a shape memory alloy, such as, for example, a titanium-nickel alloy 
which will aide in the movement of the aims from a constrained position to a deployed 
position. 

The elongated msulative lead body can have a generally linear configuration, 
or a preformed J-shaped configuration depending upon intended use, i.e., right ventricular or 
atrial implantation. The insulative lead body is preferably formed from a nonsK)nductive 
material selected &om the groiq) consisting of polyurethane and silicone. It is envisioned that 
the lead may be configured for defibrillation, sensing or pacing in either a unipolar, bipolar or 
tripolarmode. 

In a preferred embodiment of the subject iavention, the lead includes a 
retractable fixation screw operatively associated with the distal end portion of the lead body 
for securing the lead assembly to cardiac tissue. Alternatively, the fixation screw may be 
stationary relative to the lead body. Preferably, tiie fixation screw is electrically active and 
forms part of the distal electrode assembly. However, it is envisioned that the fixation screw 



wo 02/22202 



PCT/USOl/28393 



-4- 

may be electrically insulated from the electrode assembly so as not to contribute in whole or 
in part to the electrode surface of the lead. In this instance, the screw would serve as a 
sensing pathway for the lead The subject 

invention is also directed to a method of implanting an endocardial lead which includes the 
step of introducing an endocardial defibrillation lead having an elongated lead body with an 
electrode assembly operatively associated with a distal end portion thereof, the electrode 
assembly and include a plurality of radially ejrtendable arms configured for movement 
between an axially extended orientation and a radially extended orientation. The method 
further mcludes the step of moving the radially extendable arms firom the axially extended 
orientation to the radially extended orientation. The method also includes the steps of 
providing a tubular introducer sheath for percutaneously introducing the lead and actively 
securing the distal end of the lead to cardiac tissue. 

These and other unique features of the endocardial defibrillation lead of the 
subject invention and the method of constructing and using the same will become more 
readily apparent from the following description of the drawings taken in conjunction with the 
detailed of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that those havmg ordinary skill in the art to which the subject mvention 
appertains will more readily understand how to construct and use the endocardial 
defibrillation lead of the subject invention, reference may be had to the drawings wherein: 

Fig. 1 is a perspective view of a prior art endocardial defibrillation lead which 
has a straight catheter body and a conventional distal tip electrode with active fixation means 
in the form of a retractable or stationary screw; 

Fig. 2 is a perspective view of a distal end portion of an endocardial 
defibrillation lead constructed in accordance with a preferred embodiment of the subject 
invention which has a straigjit catheter body and a distal tip electrode with four radially 
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ejctending anns and active jEbcation means, wherein the radially depending arms are disposed 
in a constrained position within a tubular introducer prior to tihie deployment thereoi^ 

Fig. 3 is a perfective view of the distal end portion of the endocardial 
defibrillation lead of Fig. 2 with the four radially extending arms disposed m a outwardly 
radiating deployed position extended out from the distal end of the tubular introducer sheath; 

Fig. 4 is a perspective view of the distal end portion of an alternative 
embodiment of the endocardial defibrillation lead of Figs. 2 and 3 with the four radially 
extending arms spaced proximally 6om the distal tip of the lead body; 

Fig. 5 is a perspective view of the distal end portion of an endocardial 
defibrillation lead constructed in accordance with a preferred embodiment of the subject 
invention which has a strai^t catheter body and a distal tip electrode with five radially 
extending arms and active fixation means; 

Fig. 6 is a perspective view of the distal end portion of an endocardial 
defibrillation lead constructed in accordance with a preferred embodiment of the subject 
invention which has a J-shaped catheter body and a distal tip electrode with four outwardly 
flared radially extending arms and active fixation means; 

Fig. 7 is a perspective view of the distal end portion of an endocardial 
defibrillation lead constructed in accordance with a preferred embodiment of the subject 
invention which has a J-shaped catheter body and a distal tip electrode with four radially 
extending looped arms and active fixation means; 

Fig. 8 is a plan view of the distal portion of the endocardial lead illustrated in 

Fig. 3; 

Fig. 9 is a plan view of the distal portion of the endocardial lead illustrated in 

Fig. 5; 

Fig. 10 is a plan view of the distal portion of the endocardial lead illustrated in 

Fig. 6; 



wo 02/22202 



PCT/USOl/28393 



-6- 

Fig. 1 1 is a plan view of the distal portion of the endocardial lead illustrated in 

Fig. 7; and 

Figs. 12a and 12b are plan views of the distal portion of another endocardial 
constructed in accordance with a preferred embodiment of the subject invention, where Fig. 
5 12a illustrates the anns of the electrode assembly in a radially extended position and Fig. 12b 
illustrates the arms of the electrode assembly in an axially extended position. 

These and other features of the endocardial defibrillation lead of the subject 
invention and the mettiod of using the same will become more readily q)parent to those 
having ordinary skill in the art form the following detailed description of the preferred 
10 embodiments. 

DETAILED DRSrRTP nON OF THE PREFERRED EMBODIMENTS 

Referring now in detail to the drawings, there is illustrated in Fig. 1 a prior art 
tripolar endocardial defibrillation lead designated generally by reference numeral 10. 

15 Endocardial lead 10 is adapted for stimulation of the ventricle or atrial wall of the heart to 
effectuate cardioversion and/or defibrillation. As shown m Fig. 1, the lead 10 defines a 
proximal portion "A" and a distal portion *TB" and includes an elongated insulated lead body 
12. Lead body 12 is constracted of either polyurethane msulation or silicone rubber and 
defines an interior lumen. 

20 A connector assembly 14 is provided at the proximal end of lead body 12 to 

facilitate electrical connection with an automated defibrillator or similar energy generating 
device (not shown). The lead has an electrode assembly 15 that includes a tip electrode 16 
provided at the distal end of the lead body 12, a ring electrode 17 spaced proximally fi-om the 
tip electrode and a helically coiled shock electrode 18. The tip electrode 16 typically has a 

25 diameter of about 8 mm and defines an electrode surface area of between 6 mm^and 10 mm\ 
A section of lead body 12 separates and insulates the distal tip electrode 16 &om the ring 
electrode 17. The ring electrode 17 is generally spaced about 5 to 15 mm &om the tip 
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electrode 16 and defines a surface area of about 30 to 40 mm^ The helical shock electrode 18 
generally has a lengfli of about 4 cm, a diameter of about 4 mm, a surfece area of about 3 cm^ 
and is typically spaced about 15 to 20 mm from the tip electrode 16. 

A coiled multifilar conductor wire, while not shown in Fig. 1, extends through 
the interior lumen of lead body 12 and electrically connects the proximal connector assembly 
14 with the electrically active components of the electrode assembly 15. The electrically 
active components of the electrode assembly, are preferably formed fiom or coated with a 
bio-compatible metallic material, such as, platinum, iridium, platinum-iridium alloy, tantalum, 
titanium or a like material. 

A retractable fixation screw 19 is operatively associated with the distal tip 
electrode 16 and is configured to facilitate active fixation of the lead to the wall of the heart. 
The helix of the fixation screw 19 is typically about 1.5 mm in length and may be electrically 
active so as to form part of the electrode surface area. In such an instance, the fixation screw 
may be used for fibrillation. Altematively, the fixation screw may be electrically insulated 
firom tip electrode 16, so as not to contribute, in whole or in part, to the surface of the 
electrode tip. In this instance, the screw would serve as a sensing pathway for the lead. 
Those skilled in the art will readily ^reciate that alternative fixation means may be 
associated with the lead body, such as, for example, a set of flexible tines may be provided at 
the distal end of the lead body for passive fixation. 

A screw driver stylet 20 is operatively associated with the proximal end of the 
lead body 12. It cooperates with a helix mechanism (not shown) at the distal end of the lead 
body to eflFectuate advancement and retraction of fixation screw 19. The fixation screw may 
also be stationary. In addition, a ligature sleeve 22 is provided on the lead body 12, and is 
movable along the length thereoi^ to support sutures which facilitate permanent placement of 
the lead body. 

Referring now to Figs. 2 and 3, there is illustrated, in the constrained and 
deployed conditions, respectively, flie distal end portion of an endocardial defibrillation lead 
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constructed in accordance with a preferred embodiment of the subject invention and 
designated generally by reference numeral 100. Endocardial lead 100 is substantiaUy similar 
to the prior art lead of Fig, 1 in that the proximal portion of lead 100 is substantially idmtical 
. to the proximal portion of lead 10. Lead 100 differs in that its electrode assembly 1 15 does 
5 not include an elongated coiled shock helix for defibrillation. Instead, the defibrillating 

surface of electrode assembly 1 15 includes a plurality of radially extending circumferentially 
spaced apart electrically active aims designated by reference numerals 1 16a-l 16d. These 
arms depend firom the central annular electrode tip 116 of electrode assembly 115. The 
effective surface area of the defibrillating surface of electrode assembly 1 15 is thus 

10 significantly increased relative to that of the prior defibrillation device 10. 

Electrode assembly 1 15 further includes a ring electrode 117 spaced 
proximally fiom the tip electrode 1 16 and the electrode arms 1 16a-l 16d. The ring electrode 
1 17 enables the lead to operate in a bipolar mode. It is envisioned that the electrode assembly 
of the subject invention could be configured to operate in a unipolar mode. In such an 

15 instance, a ring electrode would not be provided as a second pole for tiie lead. Instead, to 
defibrillate the heart, a second pole may be provided by another unipolar lead placed in 
another chamber of flie heart. 

Lead 100 also includes an active fixation screw 1 19 for positively securing the 
electrode assembly 1 1 5 to the interior wall of the heart. The fixation screw 1 19 is adapted 

20 and configured for movement between a retracted position and an axially extended position 
through manipulation of a drive mechanism 20 associated witii the proximal end portion of 
the lead body. During vascular introduction of the lead body, the fixation screw is disposed in 
the retracted position. Once the lead has been positioned within the heart, the fixation screw 
is extended in such a manner so as to engage cardiac tissue and thereby secure the distal end 

25 of the lead body to the mterior wall of the heart. 

As in the prior art device described heremabove, fixation screw 1 19 is 
electrically active and forms part of the active surface area of electrode assembly 1 15. In 
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certain instances, it may define a sensing pathway for the lead, and in other instances it may 

form part of flie shocking surface of the lead. Alternatively, the fixation screw 1 19 may be 

electrically insulated &om the distal tip electrode 1 16 and would not fonn part of the 

electrically active surface area of the lead. The electrically active components of electrode 

assembly 115 receive electrical energy from the connector assembly 14 associated with the 

proximal end portion of the lead body through a multifilar conductor wire 125 that extends 

through the mterior lumen of the insulated linear lead body 1 12. The multifilar conductor is 

preferably a low unpedance coiled quadrifilar (four wire) conductor or a similar low 

impedance conductor haviag a silver core with a stainless steel outer wrap. 

In use, the distal end portion of endocardial lead 100 is percutaneously 

introduced into a blood vessel through a tubular introducer sheath 150. Initially, when the 

distal portion of the lead is disposed within the tubular sheath 150, the electrode anns 1 16a-. 

1 16d are swept forward (distally) in a constrained (stressed) position, as shown in Fig. 2. It is 

also envisioned that the arms may be rearwardly (proximally) swept during introduction. In 

either case, upon introduction of the lead into a blood vessel, i.e., when the electrode anns 

1 16a-l 16d are extended out from the distal end of the tubular sheath 150, the arms deploy into 

a radially extended (unstressed) position, as shown in Figs. 3. In such a position, the central 

tip portion 116 and the radially extended arins 116a-116d define the defibrillation or shock 
surface of the endocardial lead 100. 

The effective surface area of the defibrillation portion of electrode assembly 
1 15 is significantly greater than the eflfective surface area of the coiled shock helix 17 that 
defines the defibrillation surface of the prior art lead 10 shown m Fig. 1. Moreover, those 
skilled in the art will readily appreciate that the effective surface area of the prior art shock 
hehx 17 is limited by the diameter and length of the heUcal coil, which is typically 7F to lOF 
in diameter and 4 to 5 cm in length. More particularly, the diameter of the shock hehx must 
be compliant with the size of the vascular mtroducer utihzed to deploy the lead, and the lengfli 
of flie shock helix must conq}ly with the anatomy of the patient within which the device is 
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deployed In contrast, regardless of how long or broad the electrode arms 1 16a-l 16d are, 
they do not add to the overall diameter of the lead body when they are swept forward during 
introduction, as best seen in Fig. 2. Furthermore, in the deployed position, the ams of 
electrode assembly 1 15 do not extend over as long a distance as the elongated shock helix 17. 
5 Thus the defibrillation electrode of the subject invention is more anatomically compliant than 
the prior art shock electrode. 

As shown m Fig. 4, in an alternative embodiment of the subject invention, the 
radially extendmg electrode arms 1 16a-l 16d are axially spaced from the central tip electrode 
1 16 and project radially outwardly from lead body 1 12 through a set of apertures formed 

10 therein. In such an instance, the electrode tip 1 1 6 is electrically insulated from Ihe 

defibrillating surface defined by tiie electrode arms 1 16a -1 16d and may serve as a sensing 
pathway or as a pacing surface for the lead. \^th the arms spaced &om the distal electrode 
tip, the lead can operate in a tripolar mode with the proximal ring electrode 1 17 and the distal 
tip electrode 116 acting as anode and cathode, respectively. Thus, the lead may be used for 

15 multiple fimctions includes defibrillating, sensing and pacing. 

Referring now to Fig. 5, there is illustrated another embodiment of an 
endocardial defibrillation lead constructed in accordance with a preferred embodiment of the 
subject invention and designated generally by reference numeral 200. Lead 200 is 
substantially shnilar in structure and function to endocardial lead 100 in that it includes a 

20 proximal ring electrode 217 providing bipolarity for the device, a fixation screw 219 for 
securing the distal end of the lead body 212 to cardiac tissue that may or may not be 
electrically active, and a multifilar conductor wire for delivering energy to ttie electrode 
assembly 215 from a proximal connector assembly 14. Lead 200 differs however, in that 
defibrillating portion of electrode assembly 215 includes five radially extending electrode 

25 arms 216a-216e which depend from the central tip portion 216 (see Fig. 9) rather than the four 
radial arms of electrode 115. The additional electrode mn fiirther enhances the area of the 
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defibrillatmg surface of electrode assembly 215 so as to maximize the energy delivered to the 
heart tissue by lead 200 during defibrillation. 

Referring now to Fig. 6, there is illustrated anothor embodiment of an 
radocardial lead constructed in accordance with a preferred embodiment of the subject 
invention and designated generally by reference numeral 300. Lead 300 is substantially 
similar in structure and function to endocardial lead 200 in that it includes a proximal ring 
electrode 317, a fixation screw 319, and a multifilar conductor wire 325 extending through the 
lumm of the lead body 312, which is generally J-shaped in configuration, for delivering 
energy to the electrode assembly 315 firom a proximal connector assembly 14. It differs 
however, in that the electrode assembly 315 of lead 300 includes a central tip portion 316 and 
four radially extending electrode arms 316a-316d that have flared radially outer portions (see 
Fig. 10), rather than generally uniform profiles as the arms of electrode assemblies 115 and 
215. The additional flared surface area of each electrode aim of electrode assembly 315 
further enhances the surface area of the defibrillating surface of electrode assembly 315 to 
maximize the energy delivered to the heart tissue during defibrillation. 

Another embodiment of an endocardial lead constructed in accordance with a 
preferred embodiment of the subject invention is illustrated in Fig. 7, and designated generally 
by reference numeral 400. Lead 400 is also substantially similar in structure and function to 
lead 300 in that it includes a ring electrode 417, a fixation screw 419, and a multifilar 
conductor wire 425 that extends througji the interior lumen of J-shaped lead body 412. Lead 
400 diflfers fiom lead 300 in that the electrode assembly 415 of lead 400 includes four 
electrode loops 416a-416d that exteud radially outwardly fi-om the central tip portion 416 of 
the electrode assembly (see Fig. 1 1). The electrode loops, like the arms of the previous 
embodiments of the subject invention, define additional surface area to enhance the 
defibrillating surface of the electrode and thereby maximize the energy dehvered to the heart 
tissue during stimulation. 
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Referring to Figs. 12a and 12b, there is illustrated another lead assembly 
constructed in a accordance with a preferted embodiment of the subject invention and 
designated generally by reference numeral 515. Electrode assembly 515 includes four 
electrode arms 516a-5I6d that are configured to interfit with one another when the electrode 
assembly is disposed in an axially extended position, as best seen in Fig. 12a. Electrode aims 
516a and 516c have concave lateral edges configured to mate with the convex lateral edges of 
electrode aims 516b and 516d when the four aims are swept forward. The four aims have a 
curved or arcuate profile which form a cylindrical sh^e when interfit with one another, as 
shown in Fig. 12b. 

Preferably, the electrode aims and the central annular portion of the distal 
electrode of each embodiment of the subject invention are formed 6x>m the same or similar 
bio-compatible metallic material. For example, the central portion and arms of the electrode 
may be formed firom platinum, iridium, platinum-iridium alloy, tantalum or titanium or a 
similar bio-compatible material. Altematively, to better aide in the active deployment of the 
electrode arms firom a constrained position to an unstressed deployed position, the arms may 
be constructed &om a shape memory alloy, such as, for example, an alloy of nickel and 
titanium, or a spring metal with similar elastic properties. 

As illustrated in Figs. 5-7, the electrode arms of each endocardial lead have a 
slight arcuate bow or curvature to enhance the surface contact of the electrode with the wall of 
the heart once the distal tip has been secured in place with the fixation screw. As illustrated, 
the overall configuration of the arms can vary withiu the scope of the subject disclosure. For 
example, the arms can be formed fiom flat metal or wire stock as shown, or &om wound 
single or multifilar coils or helixes. 

Furthermore, it is envisioned that the electrode arms may be integrally or 
monolithically formed with the central tip portion of the electrode or the structures may be 
joined to one another by conventional means known in the art, such as welding or the like. 
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Altematively, it is envisioned that the arms may be mechanically connected to the central 
portion of the electrode by conventional means such as hitiges or the like. 

It should be readily understood by those skilled in the art that each of the distal 
electrode assemblies disclosed herein are interchangeable. In other words, any one of the 
5 disclosed electrode assemblies could be utilized with a straight lead body or a J-shaped lead 
body. Thus, the embodiments of the invention described and illustrated in ttie subject 
plication should only be viewed as ex«nplary embodiments of the subject invention. 

Although the disclosed apparatus has been described with respect to preferred 
embodiments, it is apparent that modifications and changes can be made thereto without 
10 departing firom the spirit and scope of tiie invention as defined by the appended claims. 
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What is claimed is; 

1 . An endocardial lead comprising: 

a) an elongated insulative lead body having opposed proximal and distal 
end portions, and having an interior lumen; 
5 b) an electrode assembly operatively associated with the distal end portion 

of the lead body, the electrode assanbly including a distal electrode having a central portion 
and circumferentially disposed means extending radially from the central portion to define a 
defibrillation surface; 

c) a connector assembly operatively associated with the proximal end 
10 portion of the lead body; and 

d) a conductor assembly extending through the lumen of the lead body to 
electrically join the electrode assembly and the connector assembly. 

2. An endocardial lead as recited in Claim 1, wherein the means extending 

15 radially from the central portion of the electrode assembly comprises a plurality of radially 
extendable arms. 

3. An endocardial lead as recited in Claim 2, wherein the radially extendable 
arms are adapted and configured for movement between a first position wherein the arms are 

20 in an axially extended orientation and a second position wherein the arms are in a radially 
extended orientation. 

4. An endocardial lead as recited in Claim 1, wherein the elongated insulative 
lead body has a gmerally linear configuration. 



25 



5. An endocardial lead as recited in Claun 1, wherein the elongated insulative 
lead body has a preformed J-sh^ed configuration. 
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6. An endocardial lead as recited in Claim 1, further comprising a fixation screw 
associated with the distal end portion of the lead body for securing the lead assembly to 
cardiac tissue. 

7. An endocardial lead as recited in Claim 6, wherein the fixation screw is a 
retractable fixation screw configured for movraient between an axially retracted position and 
an axially extended position. 

8. An endocardial lead as recited in Claim 6, wherein flie fixation screw is 
electrically active. 

9. An endocardial lead as recited in Claim 6, wherein the fixation screw is not 
electrically active. 

10. An endocardial lead as recited in Claim 1, wherein the insulative lead body is 
formed &om a material selected firom the groq) consisting of polyurethane and silicone. 

11. An endocardial lead as recited in Claim 1 , wherein the conductor assembly 
includes a coiled multifilar conductor wire extending through the lumen of the lead body. 

12. An endocardial lead as recited in Claim 1, further comprising a ring electrode 
spaced proximally fiom the distal electrode. 

13. An endocardial lead as recited in Claim 1, wherein the electrode assembly is 
formed firom a metal selected firom the groiq) consisting of platinum, iridium, platinum- 
iridium alloy, tantalum, titanium, and shape memory aUoy. 
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1 4. An endocardial lead as recited in Claim 1 , wherein the aims are fonned fiom 
strips of conductive material. 

5 15. An endocardial lead as recited in Claim 1, wherein the arms are formed from 

loops of conductive material. 

16. A defibrillation lead comprising: 

a) an elongated insulative lead body having opposed proximal and distal 
1 0 end portions, and an interior lumen; 

b) an electrode assembly oparatively associated with the distal end portion 
of the lead body and including a distal shock electrode having a plurality of radially 
extendable arms, the arms being adapted and configured for movement between a first 
position wherein the arms are disposed in an axially extended orientation and a second 

15 position wherein the arms are disposed in a radially extended orientation; 

c) a connector assembly operatively associated with the proximal end 
portion of the lead body; and 

d) a conductor assembly extending through the lumen of the lead body to 
electrically join the electrode assembly and the connector assembly. 

20 

1 7. A defibrillation lead as recited in Qaim 16, wherein the elongated insulative 
lead body has a generally linear configuration. 

1 8. A defibrillation lead as recited in Claim 16, wherein the elongated insulative 
25 lead body has a preformed J-shaped configuration. 
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19. A defibrillation lead as recited in Claim 1 6, further comprising a fixation screw 
operatively associated with the distal end portion of the lead body for securing the lead 
assembly to cardiac tissue. 

5 20. A defibrillation lead as recited in Claim 19, wh^ein the fixation screw is 

configured for movement between an axially retracted position and an axially extended 
position. 

21 . A defibrillation lead as recited in Claim 1 9, wherein the fixation screw is 
10 electrically active. 

22. A defibrillation lead as recited in Claim 19, wherein the fixation screw is not 
electrically active. 

15 23. A defibrillation lead as recited in Claim 16, wherein the insulative lead body is 

formed &om a material selected firom the group consisting of polyurefhane and silicone. 

24. A defibrillation lead as recited in Claim 16, wherein Ihe electrode assembly 
fiirther comprises a ring electrode spaced proximally fi-om the distal shock electrode. 

20 

25. A defibrillation lead as recited in Claim 16 wherein the electrode assembly 
further comprises a central tip portion, and the radial arms of the shock electrode depend fi"om 
the central tip portion. 



25 



26 A defibrillation lead as recited in Claim 16, wherein the electrode assembly 
further conqirises a central Hp portion, and the radial arms of the shock electrode are axially 
spaced from the central tip portion. 
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27. A defibrillation lead as recited in Claim 16, wherein the electrode assembly is 
fonned from a metal selected from the group consisting of platinmn, iridium, platinum- 
indium alloy, tantalum, titanium and shape memory alloy. 

28. A defibrillation lead as recited in Claim 16, wherein the arms are formed from 
strips of conductive material. 

29. A defibrillation lead as recited in Claim 16, wherein the arms are foimed from 
loops of conductive material. 

30. A method of implanting an endocardial lead comprising the steps of: 

a) introducing an endocardial lead having an elongated lead body with an 
electrode assembly operatively associated with a distal end portion thereof; the electrode 
assembly including a pluraUty of radiaUy extendable arms configured for movement between 
an axially extended orientation and a radially extended orientation; and 

b) moving the radially extendable arms from the axially extended 
orientation to the radially extended orientation* 

31. A method of implanting an endocardial lead according to Claim 30, fiuther 
comprising the step of actively securing tiie distal end portion of the lead body to cardiac 
tissue. 

32. A method of implanting an endocardial lead according to Claim 30, fiuther 
comprising the step of providing a tubular introducer sheath for percutaneously introducing 
the endocardial lead. 
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